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ido and aminothioureido compounds of the fullerenes Co 
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AMNOUREDOFULLERENE AND 
AMNOTHOUREDOFULLERENE 

DERVATIVES AND PROCESS FOR THE 
PREPARATION THEREOF 

The invention relates to new aminoureido and aminothio 
ureido compounds of the fullerenes Co and/or Co and 
processes for the preparation thereof and use thereof. 

Chemical reactions with the fullerenes Co and/or Co are 
possible in principle, but frequently proceed, since Co and 
Co are polyfunctional molecules, with formation of com 
plex mixtures of reaction products which cannot be sepa 
rated. This applies both to the number of reactions which 
have occurred or radicals which have been introduced on 
Co and/or Co and to the different relative structures of 
possible regioisomers A. Hirsch, A. Soi., H. R. Karfunkel, 
Angew. Chemie 1992, 104, 808; F. Wudl, A. Hirsch, K. C. 
Khemani, T. Suzuki, P-M. Allemand, A. Koch, H. Eckert, G. 
Srdanov, H. Webb, in Fullerenes: Synthesis, Properties and 
Chemistry of Large Carbon Clusters; Hammond, G. S.; 
Kuck, V. S., Eds.; Washington, DC, 1992; p. 161). 

German Patent Application P 43 12 632.4 describes 
readily obtainable, defined, diamino derivatives of the 
fullerenes Co and Co which can be isolated in pure form 
and which contain, besides a tertiary amino group, an NH 
function. 

Subsequent reactions with fullerene derivatives are very 
frequently made difficult or fail completely because of the 
sparing solubility or insolubility of the starting fullerene 
derivatives in the inert solvents which can be used therefor. 
Reactions with Co and/or C7o derivatives also often proceed 
very sluggishly and require relatively high reaction tempera 
tures and long reaction times which frequently cannot be 
used because of the insufficient stability of the fullerene 
starting materials and/or the fullerene products to be pre 
pared. 

Owing to the defined and characterized synthetic 
fullerene compounds which are often obtainable only by a 
very complicated procedure, targeted subsequent reactions 
on functional fullerene derivatives have hitherto been suc 
cessfully carried out only in few cases. 

It is therefore an object of the invention to provide 
readily obtainable, defined aminoureido and aminothioure 
ido compounds which can be isolated in pure form. 

The invention provides aminoureido- or aminothioure 
ido-Co and/or Co compounds of the formula I 

H N I 
R2 N-(X)-R3 ck ) 

Ri-N N-C 
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and/or II, 

Ri II 

where 
R" is (C-C)-alkyl, 
R’ is (C-C)-alkylene or 1,2-cyclo-(C-C,)-alkylene, 
n is an integer zero or 1, 
Z is O or S, 
X is (C-C2)-alkylene, (C-C2)-alkenylene or 
(C-C)-arylene, where alkylene and alkenylene is 
unsubstituted or substituted by (C-C)-alkoxy, 
(C-C)-alkylthio, Cl, Br, I, (C-C)-alkoxycarbonyl, 
(C-C)-aryl and/or (C-C)-aryl-(C-C)-alkyl, 
where aryl is unsubstituted or is monosubstituted or 
polysubstituted independently of one another by halo 
gen, (C-C)-alkyl, (C-C)-alkoxy, CF, CN or NO, 
and where arylene is unsubstituted or monosubstituted 
or polysubstituted independently of one another by 
halogen, (C-C)-alkyl, (C-C)-alkoxy, (C-C)- 
alkylthio, CF, OCF, CN, NO, and/or (C-C)- 
alkoxycarbonyl, 

R is, if n is zero, (C1-C12)-alkyl, (C-C)-alkenyl, 
(C-C8)-alkynyl, (C-C)-perfluoroalkyl, (C-C)- 
aryl or trimethylsilyl, where alkyl, alkenyl and alkynyl 
are unsubstituted or monosubstituted or polysubstituted 
independently of one another by (C-C)-alkoxy, 
(C-C)-alkylthio, phenyloxy, phenylthio, halogen, 
CISO and/or (C-C)-alkoxycarbonyl, and aryl is 
unsubstituted or monosubstituted or polysubstituted 
independently of one another by halogen, (C-C)- 
alkyl which is unsubstituted or substituted by halogen, 
(C-C)-alkoxy, NO, CN, OCF, CSO, SOH, 
(C-C)-alkanoyloxy, (C-C)-alkoxycarbonyl and/or 
(C-C2)-alkylenedioxy, 

R is, if n=1, hydrogen, CH, which is unsubstituted or 
substituted by halogen, CH=CH, (C-C)-alkoxy, 
(C-C)-alkylthio, halogen, (C-C)-aryl, (C-C)- 
aryloxy, (C-C)-aryl-(C-C)-alkyloxy, trimethylsi 
lyloxy, C(O)NHR', C(O)NR, COOR, where R' is 
(C-C)-alkyl, (C-C)-alkanoyloxy, SOR, OSOR, 
where R is (C-C)-alkyl, (C-Co)-aryl or (C-C)- 
alkyl-(C-C)-aryl, or -N=CZ where Z is as 
defined above, and aryl is unsubstituted or monosub 
stituted or polysubstituted independently of one 
another by halogen, (C-C)-alkoxy, (C-C)-alky 
lthio, (C-C)-alkyl which is unsubstituted or substi 
tuted by halogen, NO, CN, CISO, SOH, (C-C)- 
alkanoyloxy, (C-C)-alkoxycarbonyl or (C-C)- 
aryloxy. 

Preferred compounds of the formulae I and II are those in 
which 
Z is 0, 
X is (C-C)-alkylene, unsubstituted or substituted by 

(C-C)-alkoxy, (C-C)-alkylthio, (C-C)-alkoxcar 
bonyl or Cl, or o-, m- or p-phenylene, unsubstituted or 
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substituted by halogen, (C-C)-alkoxy, (C-C)-alkyl 
or CF and 

Ris, if n is zero, (C-C2)-alkyl, allyl, phenyl, benzyl or 
naphthyl, where alkyl is unsubstituted or monosubsti 
tuted or disubstituted independently of one another by 
(C-C)-alkoxy, (C-C)-alkylthio, phenyloxy, phe 
nylthio, Cl, Br or (C-C)-alkyloxycarbonyl, and phe 
nyl, benzyl or naphthyl is unsubstituted or monosub 
stituted or polysubstituted independently of one 
another by halogen, (C-C)-alkoxy, (C-C)-alkyl, 
CF, NO, CN, (C-C)-alkanoyloxy, CISO, SOH 
and/or (C-C)-alkoxycarbonyl or monosubstituted by 
methylenedioxy, and 

R is, if n=1, hydrogen, CH, CICH, BrCH, vinyl, 
(C-C)-alkoxy, (C-C)-alkylthio, Cl, Br, phenoxy, 
benzyloxy, phenyl, naphthyl, C(O)NHR', C(O)NR' or 
COOR, where R is (C-C)-alkyl and where phenyl or 
naphthyl is unsubstituted or monosubstituted or 
polysubstituted independently of one another by 
(C-C)-alkoxy, (C-C)-alkyl, CF, NO, CN, ClSO, 
SOH and/or (C-C)-alkoxycarbonyl, and R', R and 
in are as defined above. 

Particular preference is given to compounds of the for 
mulae I and II in which 

R" is CH or CH5, 
R’ is (C-C)-alkylene or 1,2-cyclo-(C5-C8)-alkylene, 
n is an integer Zero or 1, 
Z is O, 
X is (C-C)-alkylene, unsubstituted or substituted by 
CHO, CHS, COOCH or COOCH or o-, m- or 
p-phenylene, 

R is, if n is zero, (C-C)-alkyl, allyl, phenyl, benzyl or 
naphthyl, where alkyl is unsubstituted or monosubsti 
tuted or disubstituted independently of one another by 
CHO, CHS, COOCH or COOCH, and phenyl, 
benzyl or naphthyl is unsubstituted or monosubstituted 
or disubstituted independently of one another by F, Cl, 
Br, CHO, CHO, CH, CH, NO, ClSO, SOH, 
CF, COOCH and/or COOCH or 1,2-O-CH-O, 
and 

R is, if n=1, hydrogen, CH, CHO, CH,S, Cl, Br, 
CHO, CHCHO, phenyl, COOCH, COOCH, 
C(O)NHR', C(O)N-R, where R' is (C-C)-alkyl, 
and phenyl is unsubstituted or substituted by CHO, 
CHO, CH, CF, NO, CISO, COOCH or 
COOCHs. 

Very particular preference is given to compounds of the 
formula I where R', R, n, Z, X and Rare as defined above. 

Hydrocarbon radicals such as alkyl, alkylene, alkenyl, 
alkenylene, alkynyl or else alkoxy may be branched or 
unbranched. Aryl is, for example, phenyl or naphthyl. Ary 
lalkyl is, for example, benzyl. Arylene is, for example, 
phenylene. Aryl may be monosubstituted or polysubstituted, 
preferably monosubstituted, disubstituted, trisubstituted or 
tetrasubstituted, particularly preferably monosubstituted or 
disubstituted. In this context, a substituted aryl radical also 
includes, for example, a substituted aryloxy radical. Perfluo 
roalkyl is a completely fluorinated alkyl radical. Halogen is 
fluorine, chlorine, bromine or iodine. (C-C)-alkylene 
dioxy as substituent of phenyl is a 1,2-O-(CH2)-O 
radical, where m is 1 or 2. 
The invention further provides a process for preparing the 

fullerene compounds of the formulae I and/or II, 
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where R', R™, n, Z, X and Rare as defined above, which 
comprises reacting compounds of the formulae III and/or 

C. R. ) III 

R N-H 

IV 

where 

R and R are as defined above, with an isocyanate or 
isothiocyanate of the formula V 

where Z, n, X and R are as defined above, to give 
compounds of the formula I and/or II. 
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Particular preference is given to the preparation of com 
pounds of the formula I from compounds of the formulae III 
and V. 
The reaction of the invention is preferably carried out in 

a solvent or suspension medium, preferably aromatic, which 
is inert with respect to the compounds of the formulae I, II, 
III, IV and V, or a mixture of such solvents or suspension 
media. 

Suitable solvents or suspension media are, for example: 
toluene, benzene, xylenes, anisole, chlorobenzene, dichlo 
robenzenes, methylnaphthalenes, chloronaphthalenes, bro 
mobenzene, tetralin, dimethylnaphthalenes, methylth 
iophenes, and/or tetrachloroethane. 
The reaction of the invention can be carried out at a 

temperature of from -30° C. to 300° C., preferably from 
+30 C. to 115° C. The reaction can be carried out either in 
solution or in suspension, i.e. the starting materials, the 
reactants, and also the compounds of the invention of the 
formula I and/or II can be present in the reaction mixture in 
dissolved or undissolved form. The reaction can, however, 
also take place at a temperature below -30° C. or above 
-300° C. 
The molar ratio of the fullerene derivatives of the formula 

III and/or IV to the isocyanates or isothiocyanates of the 
formula V can, in the process of the invention, be from 1:1 
to i:1000, preferably from 1:3 to 1:200, particularly pref 
erably from 1:6 to 1:30, or even smaller than 1:1000. 
The reaction of the fullerene derivatives of the formulae 

III and/or IV with the isocyanates of the formula V (Z=O) 
proceeds surprisingly quickly and selectively to form the 
compounds of the formula I or II, even in heterogeneous 
systems. 
The reaction of compounds of the formula III and/or IV 

with isothiocyanates of the formula V, where Z=S, proceeds 
at a lower reaction rate compared with the reaction with the 
isocyanates of the formula V, where Z=O. 
The molar ratio of the isocyanates or isothiocyanates of 

the formula V to the fullerene derivatives of the formula III 
and/or IV, the reaction temperature and the reaction rate in 
the process of the invention have the known relationship: 

a) the greater the molar ratio, the lower can the reaction 
temperature be maintained or selected, and 

b) the greater the molar ratio and the higher the reaction 
temperature, the greater the reaction rate, which allows 
shorter reaction times. This last aspect is of particular 
importance in the reaction of the less reactive isothio 
cyanates of the formula V (Z=S). 

The reaction times can, depending on the abovedescribed 
parameters, vary within a wide range; they are generally 
between 10 minutes and 5 days depending on whether 
isocyanates of the formula V (Z=O) or isothiocyanates of 
the formula V (Z=S) are being reacted. However, shorter or 
longer reaction times may be sufficient or necessary. 
The aminoureidofullerene or aminothioureidofullerene 

derivatives of the invention having the formulae I and II are 
satisfactorily characterized by their chemical properties, 
chemical composition and their spectroscopic data. 
Under chemical properties, the behaviour on chromatog 

raphy, such as conventional thin-layer and column chroma 
tography and also HPLC serve to characterize the new 
compounds formed. 
The chemical composition of the fullerene derivatives of 

the invention having the formulae I and II is determined by 
elemental analyses. 

Furthermore, the spectroscopic data of the new com 
pounds of the invention are particularly useful for their 
unambiguous characterization. These data include the 
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6 
absorption spectra in the UV, visible and IR regions. The 
fullerene derivatives of the invention show characteristic IR 
spectra having a sharp band structure. Likewise, the com 
pounds of the invention each have characteristic UV absorp 
tions, i.e. are distinguished by the position of their maxima. 
The mass spectra recorded by the FAB (fast atom bom 

bardment) MS method likewise characterize the respective 
compounds and confirm the molecular weights by the 
molecular peak, if present and recognizable. 
The NMR spectra too, measured both as solid state 

spectra and, in particular, as solution spectra, are used for the 
characterization and structure assignment of the compounds 
of the invention. 

For the purpose of isolation and purification, the fullerene 
derivatives of the invention having the formula I and/or II 
can be partially precipitated as crystalline materials by 
concentration of the reaction solution and as such be isolated 
in a customary manner, e.g. by filtration. 
A preferred embodiment for isolation and purification of 

the compounds of the invention having the formula I and/or 
II comprises separating the reaction mixture either directly 
or after prior filtration by column chromatography, prefer 
ably on silica gel, into any by-products formed from the 
compounds of the formula V, unreacted fullerene derivative 
of the formula III and/or IV and the aminoureidofullerenes 
or aminothioureido-fullerenes of the formula I and/or II 
which are formed. The column chromatography on silica gel 
is advantageously carried out using toluene and dichlo 
romethane and toluene/methanol or dichloromethane/ 
methanol mixtures as eluant. 

In thin-layer chromatography (TLC) on silica gel, the 
compounds of the invention having the formula I mostly run 
more slowly in the eluants CHCl2/CH3OH (volume ratio: 
100/4) and toluene?methanol (volume ratio: 100/3), i.e. have 
lower R values, than do the starting fullerene derivatives of 
the formula III. In purification by column chromatography 
on silica gel 60 (particle size: 0.040-0.063 mm) too, unre 
acted starting fullerene derivatives of the formula III, if still 
present, generally run ahead of the fullerene derivatives of 
the invention having the formula I. 

Such chromatographic separations can, on the other hand, 
also be carried out by the "reversed phase (RP)' method 
using an appropriate silica gel or using other adsorbents as 
stationary phase, e.g. Al-O. After evaporation of the eluant, 
the addition compounds of the invention are obtained as 
solid, frequently crystalline materials. If required, any by 
products still present which have been formed from the 
isocyanates or isothiocyanates of the formula V which were 
used, for example by action of moisture, can be removed in 
this state by digestion with aprotic polar solvents such as, for 
example, ether, tetrahydrofuran, acetonitrile and/or acetone. 
The fullerene derivatives of the invention having the for 
mula I and/or II which are formed are generally sparingly 
soluble or quasi-insoluble in such solvents. 

It is also a feature of this invention that it provides a 
simple formation route to the aminoureidofullerene or ami 
nothioureidofullerene derivatives of the formulae I and II 
and that the reaction products of the formula I and/or II, in 
particular the compounds of the formula I, can be isolated in 
pure form in a simple and inexpensive way by conventional 
column chromatography, i.e. without use of high-pressure 
liquid chromatography which is complicated in terms of 
apparatus and suitable only for the preparation of small 
amounts. The compounds of the invention obtained by 
column chromatography or by other workup methods can, if 
necessary, be further purified by recrystallization. 

Although for the purposes of the present invention the use 
of the HPLC method is surprisingly not required for the 
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separation, isolation and purification of the compounds of 
the invention, the HPLC method is suitable for the charac 
terization of the addition compounds obtained according to 
the invention. Retention time coupled with the stationary 
phase used and the liquid phase, the flow velocity and the 
customary column parameters are reliable material param 
eters for characterizing pure substances or even mixtures of 
the invention. 
A further advantage of the workup of the reaction mixture 

by column chromatography, which is possible according to 
the invention, is that any unreacted starting fullerene deriva 
tives can be simply and cleanly separated off and thus be 
recovered for reuse. Considering the high price of fullerene 
compounds, this is of considerable importance. 
The fullerene derivatives of the formula III and/or IV, 

which are required as starting materials, can be prepared by 
the processes described in German Patent Application P 43 
12 632.4 and by Kampe et al. Angew. Chem. Int. Ed. 
(Engl.) 32, 1174 (1993)). The isocyanates and isothiocyan 
ates of the formula V required for the reaction are known or 
can be prepared by known methods. 
The fullerene derivatives of the invention are suitable for 

use as complexing ligands. This property enables them to be 
used for modifying catalysts. 

Furthermore, the compounds of the invention can be used 
as such or in modified form for inhibition of enzymes, for 
example for the inhibition of HIV (human immuno-defi 
ciency virus) enzymes, such as HIV-1 protease, whereby 
they represent potential biological active substances which 
can be used, for example, as antiviral agents. 
The following examples illustrate the invention without 

limiting it to the conditions specified by way of example. 
If not otherwise indicated in the following examples, 

column chromatography was carried out on silica gel 60, 
particle size from 0.040 to 0.063 mm, from E. Merck, 
Darmstadt and thin-layer chromatography (TLC) was car 
ried out on silica gel 60Fs (layer thickness: 0.25 mm) from 
Riedel-de Haen AG, Seelze. 

EXAMPLE 1. 

A solution of 180 mg (0.227 mmol) of a fullerene com 
pound of the formula III in which R' is CH and R is 
-CH2CH2- in 450 ml of toluene was admixed with 0.25 
ml (242 mg; 4.24 mmol) of methyl isocyanate and stirred for 
2.1 days at 37°–40° C. and for 2.7 days at RT. The clear 
reaction solution was then evaporated in vacuo at 40° C. to 
about 40% of the original volume and this solution was 
allowed to be absorbed on a silica gel 60/toluene column (H: 
42 cm; 52.0 cm). After solution with 50 ml of toluene, during 
which traces of Co (violet color) ran from the column, 
solution was carried out using CHCl (200 ml), CHCl2/ 
CHOH (100:1) (600 ml); (100:2) (300 ml). This gave, after 
evaporation of the eluant, 140 mg of eluate residue which 
was dissolved in toluene and filtered through Clarcel (filter 
aid). After evaporation in vacuo, the residue remaining was 
Suspended in ether, filtered with suction, washed with ether 
and dried for 8 hours at 80°C., 6-8 mbar. This gave 124 mg 
(=64.3% yield) of a compound of the formula I in which R' 
and Rare CH3; R is -CH2CH-; n=zero and Z is O. 
CHNO (849.83) calculated: C91.87 H 1.30N 4.94% 

found: C 88.9 H 14 N 4.5% 
IR spectrum (powder on KBr): v. 1703 cm (strongest 

IR band) The mass spectrum (FAB) shows a molecular mass 
M=849 (strong M peak at m/e 849) Thin-layer chroma 
tography: eluant CH2Cl2/CH3OH: 100/4 R: from 0.25 to 
0.30. 
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8 
EXAMPLE 1 a 

The same reaction as described above was carried out in 
500 ml of benzene in place of toluene, with the reaction time 
being 3.5 days at 38°-41° C. and 3.1 days at RT. After the 
same workup as described above, 102 mg (52.9% yield) of 
this fullerene compound of the formula I were obtained after 
drying. 

EXAMPLE 2 

A suspension of 100 mg (0,124 mmol) of a fullerene 
compound of the formula III in which R' is CH and R is 
-CHCH- in 100 ml of toluene was admixed at 70° C. 
with a solution of 357 mg (2.3 mmol) of octyl isocyanate in 
5 ml of toluene and stirred for 0.82 days at 70-72° C. and 
for 1 day (24 hours) at RT. The reaction solution was then 
evaporated in vacuo. The residue was suspended in ether and 
filtered with suction. The filter residue (103 mg of solid) was 
dissolved in 20 ml of toluene. This solution was allowed to 
be absorbed on a silica gel 60/toluene column (H: 45 cm; 
52.4 cm). Chromatography was carried out under 0.35 bar 
gauge pressure of nitrogen. After elution with 500 ml of each 
of toluene, toluene/methanol (100:0.1) and (100:0.2), further 
elution with 700 ml of toluenelmethanol (100:02) gave 77 
mg of eluate residue after evaporation. This was suspended 
in ether, filtered with suction and dried for 8 hours at 80° C., 
4-6 mbar. This gave 68 mg (=57% yield) of a compound of 
the formula I in which R is CH; R is -CHCH-; 
n=zero; Z is O and R is n-CH7. 
CHNO (962.04) calculated: C91.14H 2.83 N4.37% 

found: C 89.9 H 3.3 N 4.3% The mass spectrum (FAB) 
shows a molecular mass M-961 (strong M peak at m/e 
961) TLC: eluant toluene/methanol: 100/3; R. 0.45-049. 

EXAMPLE 3 

A suspension of 317 mg (0.4 mmol) of a fullerene 
compound of the formula III in which R' is CH and R is 
-CHCH- in 250 ml of toluene was admixed at 70° C. 
with a solution of 1.0 g (8.4 mmol) of phenyl isocyanate in 
10 ml of toluene and stirred for 4.7 hours at 70° C. The 
reaction solution was then evaporated in vacuo, the residue 
remaining was suspended in ether, the solid was filtered off 
with suction, washed with ether and dried in vacuo. This 
gave 428 mg of solid which was dissolved in 50 ml of 
toluene and absorbed on a silica gel 60/toluene column (H: 
44 cm; 5: 2.0 cm). Elution was carried out at 0.35 bargauge 
pressure of N2 using 200 ml of toluene; 500 ml of CHCl, 
500 ml of CHCl/CH-OH (100:1) and 200 ml of CH,Cl/ 
CH-OH (100:1.5). Further elution with 300 ml of CHCl/ 
CHOH (100:1.5) and 700 ml of CH.Cl/CHOH (100:2) 
gave, after evaporation of the eluant, 365 mg of eluate 
residue which was suspended in ether and filtered with 
suction. After drying (8 hours, 80° C., 5-7 mbar) this gave 
351 mg (96.2% yield) of a compound of the formula I in 
which R' is CH; Ris-CHCH-; n=zero; Zis O and R' 
is CH5. 
CoHNO (911.90) calculated: C92.20H 1.44N4.61% 

found: C 90.1 H 15 N 42% 

The mass spectrum (FAB) shows a molecular mass 
M-911 (strong Mpeak at m/e 911) TLC: toluenelmetha 
nol: 10/1: R: 0.39-0.42 IR spectrum: v. 1706; view 
1414 cm 

EXAMPLE 4 

A suspension of 160 mg (0.2 mmol) of a compound of the 
formula III in which R' is CH and R’ is -CHCH- in 



5,554,751 
9 

150 ml of toluene was admixed at 70° C. with a solution of 
600 mg (4.44 mmol) of phenyl isothiocyanate in 8 ml of 
toluene and stirred for 10.1 days at 65°-68 C. and for 5.9 
days at RT. The mixture was then evaporated in vacuo, the 
residue remaining was suspended in ether, the solid was 
filtered off with suction and dissolved in 75 ml of CS. This 
solution was absorbed on a silica gel 60/toluene column (H: 
40 cm; g.: 2.2 cm). Elution was carried out at 0.35 bargauge 
pressure of N using 500 ml of toluene and toluenelmethanol 
(500 ml, 100:0.1 and 11, 100:0.2). Further elution with 500 
ml of toluenelmethanol (100:0.2) gave, after evaporation of 
the eluant, 116 mg of eluate residue (TLC uniform) which 
was suspended in ether and filtered with suction. After 
drying (cf. Example 3), this gave 106 mg (57.1% yield) of 
TLC-pure compound of the formula I in which R' is CH; 
R’ is -CHCH-; n=zero; Z is S and R is CHs. 
CHNS (927.96) calculated: C90.60H 1.41 N 4.53S 

3.46% found: C88.1 H 1.4N4.3S3.4% The mass spectrum 
(FAB) shows a molecular mass M=927 (strong Mpeak at 
m/e 927) IR spectrum (powder on KBr): V is 1424; V 
1300 cm. Thin-layer chromatography: eluant: toluene? 
methanol 100/3; R 0.59–0.60 

EXAMPLE 5 

In a manner similar to that described in Example 3, a 
suspension of 200 mg (0.252 mmol) of the same compound 
of the formula III as in Example 3 and 1.0 g (5.34 mmol) of 
3-trifluoromethylphenyl isocyanate in 205 ml of toluene was 
stirred for 3.6 hours at 70° C. and subsequently worked up 
and chromatographed on silica gel 60 (H: 28 cm; 5:2.0 cm). 
After elution with 200 ml of toluene, 200 ml of CH2Cl and 
400 ml of CHCl2/CH-OH (100/1), elution with 300 ml of 
CHCl2/CH-OH (100/1) gave, after evaporation, 219 mg of 
eluate residue from which there were obtained, these were 
obtained, after similar treatment to that described in 
Example 3, 202 mg (81.8% yield) of TLC-pure compound 
of the formula I in which R is CH3; R is -CHCH-; 
n=zero; Z is O and R is 3-trifluoromethylphenyi. 
CHFNO (97990) calculated: C87.03 H 1.23 F5.82 

N 4.29% found: C 85.4 H 1.6 F 4.9 N 3.8% 
According to the mass spectrum (FAB), molecular mass 

M=979 (strong Mpeak at mile 979) IR spectrum: v. 1707 
cm TLC (toluene/methanol 10/1): R. 0.52-0.54 

EXAMPLE 6 

In a similar manner to that described in Example 3 and 
Example 5,323 mg (0.4 mmol) of compound of the formula 
III (R':CHR’:-CHCH-) and 1.37 g (8.4 mmol) of 
3,4-methylenedioxyphenyi isocyanate and 260 ml of toluene 
gave, after stirring for 4.7 hours at 72° C., workup and 
chromatography on silica gel 60 (H: 45 cm; g.: 2.0 cm) 
(elution: 500 ml of toluene, 500 ml of CHCl2, 250 ml of 
each of CHCl2/CH-OH (100:02); (100:0.5); (100:0.75) 
and (100:1); then 500 ml of CH,Cl/CHOH (100:1)), 255 
mg (65.7% yield) of TLC-pure compound of the formula I 
in which R is C.Hs; R is -CH2CH2-; n=zero; Zis O and 
R is 3.4-methylenedioxyphenyl 
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CHNO (969.94) calculated: C 89.16 H 1.56 N 

4.33% found: C 86.3 H 2.0 N 4.5% 
According to the mass spectrum (FAB), molecular mass 

M=969 (strong Mppeak at mile 969) IR spectrum: v. 1705 
cm TLC (toluenelmethanol: 100/3) R, 0.29–0.30 

EXAMPLE 7 

In a similar manner to that described in Example 3, a 
suspension of 150 mg (0.19 mmol) of the same compound 
of the formula III as in Example 3 and 745 mg (3.42 mmol) 
of 4-chlorosulfonylphenyl isocyanate in 158 ml of toluene 
was stirred for 6.25 hours at 70° C. The reaction mixture was 
then filtered with suction, the filter residue was washed with 
toluene and ether and the filtrate was evaporated in vacuo. 
The filtrate residue was suspended in 20 ml of CS, the solid 
was filtered off with suction and washed with CS2 and ether 
and the filtrate was again evaporated in vacuo. The residue 
then remaining was suspended in 50 ml of ether and filtered 
with suction, giving 108 mg of crude product of the formula 
I. This was, dissolved in 20 ml of toluene, chromatographed 
on silica gel 60 (H: 38 cm; g.: 2.4 cm) at 0.35 bar gauge 
pressure of N. After elution with 200 ml of each of toluene; 
toluene/methanol (100:0.3); (100:0.6) and (100:1), 800 ml 
of toluene/methanol (100:1) gave, after evaporation, 107 mg 
of eluate residue which was further treated as described in 
Example 3. This gave 94 mg (49.0% yield) of TLC-pure 
compound of the formula I in which R is CH; R’ is 
-CHCH-; n=zero; Z is O and R is 4-hydroxysulfo 
nylphenyl 

SOH 

CHNOS (991.96) calculated: C84.76H 1.32N 4.24 
S 3.23% found: C 81.1 H 16 N 42 S 3.5% 

According to the mass spectrum (FAB), molecular mass 
M=991 (strong Mpeak at mile 990) IR spectrum (powder 
on KBr) Velo 1720; vytic w 1412, vs-o 1178 cm TLC 
(toluene/methanol: 100/3) R, 0.23–0.25 

EXAMPLE 8 

A suspension of 532 mg (0.67 mmol) of a compound of 
the formula III in which R' is CH, and R is (CH), in 400 
ml of toluene was admixed at 68 C. with a solution of 1.64 
g (12.7 mmol) of ethyl 2-isocyanatoacetate in 8 ml of 
toluene and was stirred for 2 days at 68-71 C. and for 4.9 
days at RT. The slightly turbid reaction solution was filtered 
through Clarcel, evaporated to about 100 ml in vacuo and 
then absorbed on a silica gel 60/toluene column (H: 42 cm; 
g: 2.0 cm). After elution (0.35 bargauge pressure of N) with 
500 ml of toluene, l l of each of toluene/methanol (100:0.5), 
(100:1) and (100:2) gave, after evaporation in vacuo, 665 
mg of eluate residue. This was dissolved in toluene, the 
solution was filtered through Ciarcel, evaporated in vacuo, 
the residue remaining was suspended in ether, filtered with 
suction and washed with ether. After drying (80 C., 4 hours, 
5–7 mbar), this gave 588 mg (95.2% yield) of TLC-pure 
compound of the formula I in which R is CH3; R’ is (CH2); 
n=1; Z is O, X is CH and R is COOCHs. CHNO, 
(921.89) calculated: C 88.59 H 1.64N4.56% found: C87.8 
H 2.1 N 4.3% Mass spectrum (FAB): Molecular mass 
M=921 (strong M peak at m/e 921) IR spectrum ve lo 
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1712; 1745; v 1200; vNH, C-N 1432 cm TLC 
(toluenelmethanol 100:1): R. 0.09-0.13 

EXAMPLE 9 

A solution of 540 mg (0.68 mmol) of a compound of the 
formula III in which R is CH and R is (CH), in 1300 ml 
of toluene was admixed at 65° C. with a solution of 2.04 g 
(15.8 mmol) of methyl 3-isocyanatopropionate in 10 ml of 
toluene and was stirred for 2.25 days at 65° C. and for 2.7 
days at RT. The reaction solution was then evaporated in 
vacuo to about 160 ml, this solution was allowed to be 
absorbed on a silica gel 60/toluene column (H: 50 cm; 5:2.5 
cm) and successively eluted at 0.35 bargauge pressure of N. 
with 500 ml each of toluene, CH2Cl and CH-Cl/CHOH 
(100:0.5). A dark Zone was subsequently eluted with 500 ml 
of CHCl2/CH-OH (100:1), which gave, after evaporation, 
500 mg of eluate residue. This was, dissolved in toluene, 
filtered through Clarcel. The filtrate was evaporated in 
vacuo, the residue was suspended in n-heptane and filtered 
with suction and dried for 6 hours at 50° C., 4-6 mbar. This 
gave 456 mg (=72.7% yield) of TLC-pure compound of the 
formula I in which R is CH; R is (CH), n=1, Z is O, X 
is (CH), and R is COOCH. 
CHNO (921.89) calculated: C 88.59 H 1.64 N 

4.56% found: C 86.3 H 2.0 N 4.2% Mass spectrum (FAB): 
Molecular mass M=921 (strong Mpeak at m/e 921. MH' 
peak at m/e 922) IR spectrum Vy 3350; V - 1704; 
1733; we a 1200; vyt, c. 1445 cm TLC (CH2Cl2/ 
CHOH: 100/4) R, 0.30-0.32 

EXAMPLE 10 

In a manner similar to Example 8, a suspension of 586 mg 
(0.74 mmol) of a compound of the formula III (R':CH, R2: 
(CH2)2) and 1.81 g (12.64 mmol) of ethyl 3-isocyanatopro 
pionate in 508 ml of toluene was stirred for 2.6 days at 70 
C. and for 2.2 days at RT. The mixture was subsequently 
worked up and chromatographed (column: H 53 cm; 52.5 
cm) as described in Example 9. After elution with 500 ml of 
each of toluene; CHCl2 and CH2Cl2/CH-OH (100:0.3), 
further elution with 500 ml of each of CH,Cl/CHOH 
(100:0.5) and (100:1) gave, after evaporation, 535 mg of 
eluate residue which was treated as described in Example 9, 
giving 485 mg (70% yield) of TLC-pure compound of the 
formula I in which R" is CH; R is (CH), n=1; Z is O; X 
is (CH), and R is COOCHs. 
CHN.O. (935.92) calculated: C 88.55 H 1.83 N 

4.49% found: C 86.6 H 2.2 N 4.0% Mass spectrum (FAB): 
Molecular mass M=935 (strong Mpeak at m/e 935). TLC 
(toluene/methanol: 100/3): R. 0.27-0.28 

EXAMPLE 11 

In a manner similar to that in Example 8, a suspension of 
300 mg (0.37 mmol) of a compound of the formula III 
(R':CHs; R. (CH)) and 978 mg (7.57 mmol) of ethyl 
2-isocyanatoacetate in 245 ml of toluene was stirred for 6.9 
days at 70-72° C. and for 7.9 days at RT. The reaction 
solution was subsequently absorbed on a silica gel 60/tolu 
ene column (H: 42 cm; 5: 2.5 cm). After elution at 0.35 bar 
gauge pressure of N, with 500 ml of each of CH2Cl and 
CHC1/CHOH (100:02) and 1 1 of CHCl/CHOH 
(100:0.5), use of 1000 ml (100:0.5) and 200 ml (100:0.8) 
gave, after evaporation, 310 mg of eluate residue which was 
treated as described in Example 9, giving 291 mg (84% 
yield) of TLC-pure compound of the formula I in which R' 
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12 
is CHs; R is (CH2)2, n=1; Z is O, X is CH, and R is 
COOCHs. 
CHNO, (935.92) calculated: C 88.55 H 1.83 N 

4.49% found: C 85.8 H 2.0 N 4.5% Mass spectrum (FAB): 
Molecular mass M=935 (strong Me peak at mile 935). IR 
spectrum: vC=O 1712; 1748; vC-O 1205; vNH, C-N 
1435 cm-1 TLC (toluene/methanol: 100/3): RF 0.38 

EXAMPLE 12 

A solution of 363 mg (0.45 mmol) of a compound of the 
formula III (R':CHs; R’: (CH)) and 1.28 g (9.91 mmol) 
of methyl 3-isocyanatopropionate in 858 ml of toluene was 
stirred for 3.2 days at 65° C. and for 2.7 days at RT, and then 
evaporated in vacuo to about 200 ml. This solution was 
absorbed on a silica gel 60/toluene column (H: 45 cm; g.: 2.5 
cm). Elution was carried out successively at 0.35 bargauge 
pressure of N with 500 ml of each of toluene and CH2Cl2. 
Subsequent elution with 500 ml of each of CH2Cl2/CH-OH 
(100:0.5) and (100:1) gave, after evaporation, 305 mg of 
eluate residue. This was, dissolved in toluene, filtered 
through Clarcel and the filtrate was subsequently evapo 
rated. The residue obtained was suspended in ether, filtered 
with suction and washed with ether. After drying (8 hours, 
60° C., 4–6 mbar), this gave 288 mg (=68.4% yield) of 
TLC-pure compound of the formula I in which R' is CH5, 
R’ is (CH); n=1; Z is O; X is (CH), and R is COOCH. 
C.H.N.O. (935.92) calculated: C 88.55 H 1.83 N 

4.49% found: C 88.4 H 2.3 N 4.4% Mass spectrum (FAB): 
Molecular mass M=935 (strong MP peak at m/e 935). TLC 
(CH.Cl/CHOH: 100/3) R.: 0.39-0.42 

EXAMPLE 13 

A suspension of 182 mg (0.23 mmol) of a compound of 
the formula III (R': CH.; R’: (CH)) and 935 mg (4.6 
mmol) of ethyl 2-isocyanato-4-methylthiobutyrate in 188ml 
of toluene was stirred for 6.17 hours at 71° C. The solution 
was subsequently evaporated in vacuo, the residue remain 
ing was suspended in ether, filtered with suction and washed 
with ether. The solid (203 mg) was dissolved in 50 ml of 
toluene and absorbed on a silica gel 60/toluene column (H: 
44 cm; g.: 2.5 cm). Elution was carried out successively at 
0.35 bar gauge pressure of N with 200 ml of toluene and 
500 ml of each of toluene/methanol (100:0.2), (100:0.3) and 
(100:0.4). Further elution with 1 l of toluene/methanol 
(100:0.4) gave, after evaporation, 63 mg of eluate residue 
which was suspended in ether, filtered with suction and dried 
for 8 hours at 80° C., 4-7 mbar. This gave 43 mg (18.8% 
yield) of TLC-pure compound of the formula I in which R' 
is CH; R is (CH), n=1; Z is O; X is 

(HCH), o 
COOC2H5 

and Ris SCH, CHNOS (996.04) calculated: C 85.62 
H 2.13 N 4.22 S 3.22% found: C 84.0 H 2.1 N 4.3 S 3.8% 
Mass spectrum (FAB): Molecular mass M=995 (strong M 
peak at m/e 995) TLC (toluene/methanol: 100/3): R. 
0.32-0.34 

EXAMPLE 14 

A suspension of 190 mg (0.24 mmol) of a compound of 
the formula III (R':CH; R. (CH)) and 1.0 g (7.49 mmol) 
of chloro-tert-butyl isocyanate in 185 ml of toluene was 
stirred for 1.93 days at 70-71 C. and subsequently filtered 
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at RT. The filtrate was evaporated in vacuo, the residue 
remaining was suspended in ether and the solid was filtered 
off with suction. This (224 mg) was, dissolved in 130 ml of 
toluene, absorbed on a silica gel 60/toluene column (H: 43 
cm; g.: 2.5 cm). Elution was carried out successively at 0.35 
bargauge pressure of N with 500 ml of toluene, 500 ml of 
toluene/methanol (100:0.1) and 800 ml (100:0.2). Further 
elution with 1 l of toluene/methanol (100:0.2) gave, after 
evaporation, 155 mg of eluate residue which was suspended 
in ether, filtered with suction and dried for 8 hours at 80°C., 
6–7 mbar. This gave 140 mg (63% yield) of TLC-pure 
compound of the formula I in which R is CHR’ is (CH), 
n=1; Z is O, X is -C(CH2)-CH- and R is Cl. 
C.H.CINO (926.34) calculated: C 88.17 H 1.74 Cl 

3.83N4.54 found: C87.1 H 1.5 Cl4.3N4.3 Mass spectrum 
(FAB): Molecular mass M=925; 927 (strong Mpeak at m/e 
925) (based on Cl). IR spectrum: V, 1696; ww.cy 
1422 cm TLC (toluenelmethanol: 100/3): R. 0.46-0.47 

EXAMPLE 1.5 

A suspension of 190 mg (0.235 mmol) of a compound of 
the formula III (R':CHs; R. (CH)) and 1.195 g (7.286 
mmol) of 2-bromoisopropyl isocyanate in 155 ml of toluene 
was stirred for 1.9 days at 70° C. and subsequently evapo 
rated in vacuo. The residue was suspended in ether; the solid 
was filtered off with suction, washed with ether and, dis 
solved in 150 ml of toluene, absorbed on a silica gel 
60/toluene column (H: 43 cm; g.: 2.5 cm). Elution was 
carried out successively at 0.35 bar gauge pressure of 
Nwith 500 ml of each of toluene and toluene/methanol 
(100:0.1). Further elution with 600 ml of toluene/methanol 
(100:0.1) gave, after evaporation, 65mg of eluate residue 
which was suspended in ether, filtered with suction and dried 
for 8 hours at 80° C., 6-8 mbar. This gave 54 mg (23.7% 
yield) of TLC-pure compound of the formula I in which R' 
is CHs; R is (CH2); n=1; Z is O, X is -CH(CH4)- 
CH- and R is Br. 
CHBrNO (970.8) calculated: C84.13 H 1.66Br 8.23 

N 4.33% found: C 79.3 H 1.7 Br 10.1 N 4.5% MaSS 
spectrum (FAB): Molecular mass M=969; 970; 971; 972 
(strong M peaks at mile 969; 970;971 and 972) (resulting 
from the isotopes of bromine). TLC (toluene/methanol: 
100/3): R. 0.34-0.36 
What is claimed is: 
1. A compound of the formula I or II 
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-continued 

where 
R" is (C-C)-alkyl, 
R’ is (C-C)-alkylene or 1,2-cyclo-(C-C,)-alkylene, 
n is an integer zero or 1, 
Z is O or S, 
X is (C-C2)-alkylene, (C-C2)-alkenylene or 
(C-C)arylene, where alkylene and alkenylene is 
unsubstituted or substituted by (C-C)-alkoxy, 
(C-C)-alkylthio, Cl, Br, I, (C-C)-alkoxycarbonyl, 
(Co-Co)-aryl and/or (Co-Co)-aryl(C-C)-alkyl, 
where aryl is unsubstituted or is monosubstituted or 
polysubstituted independently of one another by halo 
gen, (C-C)-alkyl, (C-C)-alkoxy, CF, CN or NO, 
and where arylene is unsubstituted or monosubstituted 
or polysubstituted independently of one another by 
halogen, (C-C)-alkyl, (C-C)-alkoxy, (C-C)- 
alkylthio, CF, OCF, CN, NO, and/or (C-C)- 
alkoxycarbonyl, 

R is, if n is zero, (C-C2)-alkyl, (C-C)-alkenyl, 
(C-C)-alkynyl, (C-C8)-perfluoroalkyl, (C-C)- 
aryl or trimethylsilyl, where alkyl, alkenyl and alkynyl 
are unsubstituted or monosubstituted or polysubstituted 
independently of one another by (C-C)-alkoxy, 
(C-C)-alkylthio, phenyloxy, phenylthio, halogen, 
CSO, and/or (C-C)-alkoxycarbonyl, and aryl is 
unsubstituted or monosubstituted or polysubstituted 
independently of one another by halogen, (C-C)- 
alkyl which is unsubstituted or substituted by halogen, 
(C-C)-alkoxy, NO, CN, OCF, CSO, SOH, 
(C-C)-alkanoyloxy, (C-C)-alkoxycarbonyl and/or 
(C-C)-alkylenedioxy, 

R is, if n=1, hydrogen, CH, which is unsubstituted or 
substituted by halogen, 
CH=CH (C-C)-alkoxy, (C-C)-alkylthio, halo 
gen, (C-C)-aryl, aryloxy, (C-C)-aryl-(C-C)- 
alkyloxy, trimethylsilyloxy, C(O)-NHR, C(O)NR', 
COOR, where R is (C-C)-alkyl, 
(C-C)-alkanoyloxy, SOR, OSOR where R is 
(C-C)-alkyl, (C-Co)-aryl or (C1-C4)-alkyl-(C 
6-Co)-aryl, or -N=C=Z where Z is as defined 
above, 
and aryl is unsubstituted or monosubstituted or 
polysubstituted independently of one another by halo 
gen, (C-C)-alkoxy, (C-C)-alkylthio, (C-C)-alkyl 
which is unsubstituted or substituted by halogen, NO, 
CN, CISO, SOH, (C-C)-alkanoyloxy, (C-C)- 
alkoxycarbonyl or (C-C)aryloxy. 

2. A compound of formula II as claimed in claim 1. 
3. A compound of the formula I or II as claimed in claim 

1, wherein 
Z is O, 
X is (C-C)-alkylene, unsubstituted or substituted by 

(C-C)-alkoxy, (C-C)-alkylthio, (C-C)-alkoxy 
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carbonyl or Cl, or o-, m- or p-phenylene, unsubstituted 
or substituted by halogen, (C-C)-alkoxy, (C-C)- 
alkyl or CF, and 

R is, if n is zero, (C-C)-alkyl, allyl, phenyl, benzyl or 
naphthyl, where alkyl is unsubstituted or monosubsti 
tuted or disubstituted independently of one another by 
(C-C)-alkoxy, (C-C)-alkylthio, phenyloxy, phe 
nylthio, Cl, Br or (C-C)-alkyloxycarbonyl, and phe 
nyl, benzyl or naphthyl is unsubstituted or monosub 
stituted or polysubstituted independently of one 
another by halogen, (C-C)-alkoxy, (C-C)-alkyl, 
CF, NO, CN, (C-C)-alkanoyloxy, CISO, SOH 
and/or (C-C)-alkoxycarbonyl or monosubstituted by 
methylenedioxy, and 

R is, if n=1, hydrogen, CH, CICH, BrCH2, vinyl, 
(C-C)-alkoxy, (C-C)-alkylthio, Cl, Br, phenoxy, 
benzyloxy, phenyl, naphthyl, C(O)NHR', C(O)NR' or 
COOR", where R is (C-C)-alkyl and where phenyl or 
naphthyl is unsubstituted or monosubstituted or 
polysubstituted independently of one another by 
(C-C)-alkoxy, (C-C)-alkyl, CF, NO, CN, ClSO, 
SOH and/or (C-C)-alkoxycarbonyl, and R, R and 
in are as defined above. 

4. A compound of the formula I and/or II as claimed in 
claim 1, wherein 
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R" is CH, or CHs. 
R’ is (C-C)-alkylene or 1,2-cyclo-(C5-C8)-alkylene, 
n is an integer zero or 1, 
Z is O, 
X is (C-C)-alkylene, unsubstituted or substituted by 
CHO, CHS, COOCH or COOCHs, or o-, m- or 
p-phenylene, 

R is, if n is zero, (C-C)-alkyl, allyl, phenyl, benzyl or 
naphthyl, where alkyl is unsubstituted or monosubsti 
tuted or disubstituted independently of one another by 
CHO, CHS, COOCH or COOCHs, and phenyl, 
benzyl or naphthyl is unsubstituted or monosubstituted 
or disubstituted independently of one another by F, Cl, 
Br, CHO, CHO, CH, CH, NO2, ClSO, SOH, 
CF, COOCH and/or COOCH or 1,2-O-CH 
O, and 

R is, if n=1, hydrogen, CH, CHO, CHS, Cl, Br, 
CHO, CHCHO, phenyl, COOCH, COOCHs. 
C(O)NHR', C(O)N-R, where R' is (C-C)-alkyl, and 
phenyl is unsubstituted or substituted by CHO, 
CHO, CH, CF, NO, CISO, COOCH or 
COOCHs. 

5. A compound of the formula I as claimed in claim 1. 


